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Disclaimer
The contents of this report were based on the best available information at the time of
publication.  It is based in part on various assumptions and predictions.  Conditions may
change over time and conclusions should be interpreted in the light of the latest information
available.
For further information contact
Mr Mark Pridham
Rural Towns Program Manager
Agriculture Western Australia
Locked Bag 4
Bentley Delivery Centre WA 6953
Telephone (08) 9368 3333
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Summary
A groundwater study was carried out in the townsite of Bruce Rock.  It aimed to
accelerate the implementation of effective salinity management options.  The study
consisted of a drilling investigation and installation of a piezometer network, a
pumping test, groundwater flow modelling and a flood risk analysis.
One production bore and 18 piezometers were established at 13 sites.  The depth to
bedrock varied markedly from site to site.  Granite was struck at only 4 m depth at
one site, while dolerite was struck at 42 m at another, and drilling continued to 56 m
without striking rock at a third site.  The regolith profile was dominated by weathered
granitoid residuum, which was covered by between 1 and 7 m of alluvial and colluvial
sediments.
Groundwater levels at sites within the built-up area of the town were mostly shallower
than at sites around the edge of the town.  The watertable was between about 12
and 14 m below ground level at sites to the north of the town, while only about 4 m
deep at two sites in the middle of the town.  A perched watertable in a sand layer at a
site near the sports grounds was only about 3 m below ground level.
Groundwater level elevations did not strongly follow ground level trends and it
appeared that the irregular bedrock surface topography inhibits groundwater flow.
The groundwater at most monitoring sites was saline, although at some sites it was
brackish to fresh.  The groundwater in the perched system near the sports grounds
had particularly low electrical conductivity values.
It was concluded that the groundwater system below the townsite was
compartmentalised, and that the degree of interconnection between compartments
was likely to vary from location to location.  The implications are that, at some sites,
any groundwater recharge could result in permanent rises because of restricted
groundwater outflow.  Sites with these characteristics are at risk of damage caused
by shallow groundwater levels.  (Note that shallow groundwater does not have to be
saline to cause damage.)  There is not yet enough information to identify those areas
with restricted groundwater outflow.
Recharge occurring within the townsite is likely to be the main source of the
groundwater below the town.  There are opportunities to reduce the amount of
recharge occurring within the townsite, and some of these would have additional
benefits.  However, because there is shallow rock below the town, and the
groundwater systems appear to be compartmentalised, it is likely that groundwater
abstraction by either pumping from bores or groundwater drainage would be
ineffective.  Frequent, regular, long-term groundwater level measurements will help
in identifying where and when most recharge occurs, and which areas of the townsite
are most at risk from rising groundwater levels.
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1. Introduction and background information
Author:  Rosemary Nott (Agriculture Western Australia)
The Rural Towns Program commissioned a hydrological investigation of the Bruce
Rock townsite.  It was part of a larger investigation (called the Community Bores
Project) that covered 23 towns and aimed to accelerate the implementation of effective
salinity management options.
The groundwater study for Bruce Rock consisted of a drilling program, a pumping test,
groundwater flow modelling and a flood risk analysis.  This report documents the
background information for the town and its catchment (Sections 1.1 to 1.5) and the
hydrogeological and flood risk investigations (Sections 2 to 4) and then recommends
steps for managing the salinity issues effectively (Section 5).
Bruce Rock (latitude 31°52.5'S, longitude 118°09.0'E) is the major town in the Bruce
Rock shire.  It is 220 km east of Perth and 50 km south of Merredin (Figure 1-1).  The
shire population is approximately 1,400 people, of whom 700 live in the town.  The
district supports many agricultural businesses as well as a shopping centre, high
school, hospital, sports centre with ovals and a grain handling and storage depot.
1.1 Description of the town catchment
Bruce Rock townsite is in a mid-landscape position in a subcatchment of the Salt River
in the Swan-Avon drainage basin (Figure 1-1).  The elevation of the town ranges from
290 m at the northern end to 270 m at the southern end.
The Bruce Rock Shire was cleared during two periods from 1900 to 1930 and from
1950 to 1980.  Woodlands of salmon gum (Eucalyptus salmonophloia), gimlet
(E. salubris) and red morrel (E. longicornis) were extensively cleared in the earlier
period as they were growing on the most agriculturally productive land.  Native
vegetation is currently about 7.8 per cent of the shire comprising 4.2 per cent on private
land and 3.6 per cent on public reserves (Shepherd, D., Agriculture Western Australia
2000, pers. comm.).  Current land use in the catchment surrounding the town is
predominantly wheat in rotation with pastures or lupins.  A few farms grow other legume
crops and canola.  Most farmers graze sheep during the pasture phase.
1.2 Geology
The bedrock below Bruce Rock is a coarse-grained granitoid with the composition of
adamellite, part of the Kellerberrin Batholith (Chin 1986) and there are extensive
exposures to the north and north-east of the town.  Chin (1986) mapped dolerite or
diorite dykes trending east-north-east in the south-east and north-east of the
subcatchment.
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Figure 1-1:  Regional setting of the town of Bruce Rock
BRUCE ROCK GROUNDWATER STUDY
3
Lateritic duricrust may have once covered a large area around Bruce Rock (Chin 1986)
but there is now only a small remnant around the eastern edge of the catchment.  The
iron-rich lateritic crust is underlain by a mottled clay zone, a leached kaolinised zone
and then a saprolitic zone, over bedrock.  Locally, silcrete formed below the lateritic
duricrust and above the kaolinised zone (Chin 1986).  There are deep yellow sand
deposits to the north of Bruce Rock.
Colluvial sediments have been found throughout the catchment.  Alluvial lenses of
sand, silt and clay sediment are common along the creekline.  Calcrete has also been
found in the top 5 m of soil towards the southern end of the town.
1.3 Soils
Most of Bruce Rock is on mid to lower slopes and is underlain by residuum derived
from the granitoid bedrock, with some areas of colluvial deposits and fresh rock
exposures.  The soil types range from medium- to coarse-grained granitoid sands,
brown to grey alkaline duplexes and reddish brown to brown calcareous loamy earths
(Natural Resources Assessment Group, Agriculture Western Australia 2000,
unpublished information).
1.4 Climate
Bruce Rock has cool, moist winters and hot, dry summers.  Average annual rainfall in
the town is 337 mm and daily maximum temperatures average 33°C in summer and
16°C in winter, while daily minimum temperatures average 16°C in summer and 5°C in
winter (Bureau of Meteorology 2000, pers. comm.).
1.5 Drainage
The ephemeral streambed of the subcatchment that contains the town runs from the
north-east to the south-west for approximately 20 km, bypassing the town to the east
(Figure 1-2).
Residents have observed that during intense summer or winter rainfall events, large
amounts of water are shed from rock surfaces.  Flow occurs in the stream during these
events or following prolonged periods of soil saturation during wet winters.  Overflow of
this stream is rare and the risk of flooding is limited to homes at the southern end of
Bruce Rock.
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Figure 1-2:  Location of the Bruce Rock townsite within its catchment (location of
mafic dyke is inferred)
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2. Hydrogeological investigation
Authors:  Rosemary Nott (Agriculture Western Australia) and Fay Lewis (Fay Lewis
Consulting)
The hydrogeology investigation aimed to determine which salinity management options
would be most effective in Bruce Rock.  The investigation included a drilling program
coupled with the installation of a groundwater monitoring network, a pumping test and
groundwater flow modelling.  The methods used, the results and the interpretations of
the results are described in Sections 2.2 to 2.5, and management options are
discussed in Section 2.6.  The effects of some of these options were then tested using
a groundwater flow model (Section 3).
Two small drilling investigations were carried out in Bruce Rock prior to the Community
Bores Project program in June 2000.  These are summarised in Section 2.1.
2.1 Previous investigations
A shallow well was constructed by the Department of Agriculture in the late 1980s near
one of the town's water supply dams, south of the townsite (Figure 1-2). The dam was
thought to leak, and the well supports the belief since the water level in it was only
0.3 m below ground level in early June 2000.
Open bores were drilled to the north-east of the town by Flockart Drilling in the late
1990s to investigate the potential for supplies of fresh groundwater.  They were
described in a salinity management strategy (PPK 2000) and details are summarised in
Table 2-1.  The bores were not fully cased because the water quality was poor or the
supply was inadequate.  A hole drilled at the cemetery (named BR03 in this report,
Figure 2-1) hit basement rock at 60 m, while a hole at the go-kart track (named BR02,
Figure 2-1) was drilled approximately 70 m to bedrock (PPK 2000).  It was thought that
the entire low-lying creek area is underlain by regolith about 60 to 70 m deep.  Granitoid
bedrock was reached at the railway dam reserve at 28.8 m (Figure 1-2).  The water
level depths suggested groundwater moved in the same direction as the surface
stream.  The salinity of groundwater in all holes was fresh to brackish when sampled in
September 1999 (Table 2-1), although the values may have been influenced by rain
falling into the open holes.
The salinity management strategy (PPK 2000) noted that recharge to the aquifers
below the town probably occurred through areas in the north-north-east of the
subcatchment, but that any local perched groundwater and the “salinity/rising water
table" problem were more likely to result from recharge within the townsite from septic
tanks and rainfall.
2.2 Reconnaissance visit
An inspection of the Bruce Rock town in May 2000 identified several buildings close to
the Church of Christ (Figure 2-1) showing signs of rising damp.  The back lane between
Butcher and Dampier Streets had a large area of exposed rock and some associated
damp spots (Figure 2-1).  No salt scalding was evident on the surface, so it seemed
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that the rising damp problem was caused by small pockets of water perching on the
shallow rock during wet months.
The locations of the exposed bedrock indicate that there is a ridge of shallow bedrock
extending through the centre of the town on a north-south axis (Figure 2-1).
Table 2-1:  Open hole water level and water quality measurements (on
3 September 1999, adapted from PPK 2000)
Bore location Name
used
Ground level
elevation
above AHD#
Drilled
depth
bgl##
Groundwater
level depth
bgl##
Electrical
conductivity
Acidity
(m) (m) (m) (mS/m) (pH)
20 m north of Bruce
Rock East Road
BR16 279 14.1 7.67 2030 4
Railway dam
reserve
285 28.8 8.95 450 6
30 m north of
cemetery
BR03 290 60
(17.5 m
cased)
14.51 1050 6
Opposite go-kart
track
BR02 279 ~70 9.71 90 6
#  AHD:  Australian Height Datum;  ##  bgl:  below ground level
BRUCE ROCK GROUNDWATER STUDY
19
2.3 Method
Thirteen sites were drilled for the Community Bores Project during June 2000.  At most
sites, one hole was drilled to bedrock and a second hole was drilled to monitor the
watertable.
2.3.1 Drill site selection
One production bore and 18 piezometers were installed at the 13 sites (Figure 2-1).
Piezometer sites were chosen along two main north-south transects and one main
east-west transect (cutting across the stream channel to the east of the town).  Sites
were selected as close as possible to some of the important town infrastructure (the
sports ground, school, Bruce Rock Club, council chambers, grain depot and residential
areas).  Most of the townsite was unsuitable for the location of a production bore as
bedrock was shallow.  The purpose of the production bore was therefore limited to
obtaining representative aquifer parameters.  A site with deep regolith to the north of
the townsite was selected.  Two monitoring sites (00BR14 and 00BR15) were installed
close to the production bore to monitor the pumping test.
2.3.2 Drilling methods
LA Boyle Drilling Pty Ltd were contracted to drill the holes and install the piezometers
and the production bore.  An 'air-core' drilling rig, with both blade and hammer bits, was
used to drill all new holes for the Community Bores Project.  The holes for piezometers
were 100 mm in diameter.  Mud rotary drilling was used to install the production bore.
The diameter of this hole was 150 mm.
2.3.3 Piezometer and production bore construction
Piezometers were installed using 50 mm-diameter class 12 PVC casing and end caps.
Screens were placed at the base of each hole and were constructed using 2 m-long
slotted sections of 50 mm-diameter PVC casing surrounded by graded sand packs.
The screened sections were sealed with bentonite and the holes were back-filled with
drill cuttings.
The production bore was installed using 127 mm-diameter class 12 PVC casing.
Slotted casing surrounded by graded sand was used in this bore between 12 and 44 m.
The top 12 m of the hole was back-filled with the drill cuttings.
Concrete headworks were formed around all piezometers and the production bore.
All piezometers and bores were surveyed using a differential geographical positioning
system.  The accuracy was assumed to be similar to the ±30 mm horizontal and
±40 mm vertical accuracies achieved in surveys for other towns in the Community
Bores Project.  By mistake, the data for the production bore site was not saved.  Its grid
reference (corrected to the nearest 10 m) was calculated from the bearings and
distances to the nearby piezometers at sites 00BR14 and 00BR15, measured by Test
Pumping Australia.  The ground elevation (to the nearest metre) was assumed to be the
same as that at site 00BR14D, which was 13.6 m away.
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Figure 2-1:  Map of groundwater level depths (in metres) and electrical
conductivity (EC, in milliSiemens per metre) values on 13 September 2000,
relevant geological features (location of mafic dyke is inferred), and locations of
cross-sections in Figures 2-2 to 2-5
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Piezometers were named according to the site and their depth.  The production bore
was named 00BR01PB. Drilling, piezometer, and bore details are listed in Table 2-2.
2.3.4 Sample analyses and groundwater monitoring
Drill samples from all holes were logged (descriptive logs are available at
<http://www.agric.wa.gov.au/environment/links/RMtechreports/>).  All new piezometers
and the production bore were monitored for groundwater level, groundwater electrical
conductivity (EC) and acidity following drilling and monthly until October 2000.  Starting
in December 2000, it was planned to monitor groundwater levels and EC values four
times a year.
Table 2-2:  Details of Community Bores Project piezometers and production bore
Bore name Location EastingAGD84#
Northing
AGD84#
Ground
level
elevation
above AHD##
Drilled
depth
bgl###
Screen
length
(m) (m) (m) (m) (m)
00BR04I Cemetery Rd. 609497.9 6472821.2 277.2 29 2
00BR05D Sports Ground,Dunstal St. 608821.8 6472834.1 278.1 56 2
00BR05I Sports Ground,Dunstal St. 608824.5 6472833.7 278.1 19.5 2
00BR06D Corner of Dunstaland Johnson St. 608549.7 6472798.4 279.8 44 2
00BR06S Corner of Dunstaland Johnson St. 608546.8 6472798.4 279.8 8 2
00BR07D Dunstal St. school 608011.8 6472840.8 284.1 16 2
00BR08dD Perry St.,Bruce Rock Club 608340.9 6472621.1 281.7 28 2
00BR09D Corner of Noonajinand Bath St. 607987.1 6472265.6 277.2 31 2
00BR09I Corner of Noonajinand Bath St. 607986.7 6472263.1 277.2 12 2
00BR10D Johnson St. 608534.4 6472220.7 279.9 7 2
00BR11D Lethlean St. 608938.0 6472215.5 273.9 18 2
00BR12I East of grain bins 609517.4 6471845.2 271.5 40 2
00BR12S East of grain bins 609513.9 6471845.1 271.4 13 2
00BR13D Johnson St. South 608540.3 6471634.9 271.9 19 2
00BR14D Merredin Rd. 608716.1 6473381.0 286.1 44 2
00BR14I Merredin Rd. 608717.1 6473383.0 286.0 14 2
00BR15D Railway Line,Merredin Rd. 608759.2 6473335.2 284.9 39 2
00BR15I Railway Line,Merredin Rd. 608758.7 6473333.8 284.9 13 2
00BR01PB Merredin Rd. 608710 6473370 286#### 44 32
#:  AGD84 – Australian Geodetic Datum 1984;  ##:  AHD – Australian Height Datum;  ###:  bgl – below
ground level;  ####:  assumed value
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2.4 Results
2.4.1 Profile descriptions
Detailed drill logs are available at <http://www.agric.wa.gov.au/environment/links/
RMtechreports/> and the cross-sections in Figures 2-2 to 2-5 illustrate the profiles.
The depth to bedrock varied markedly from site to site.  Granite was struck at only 4 m
at site 00BR10, while dolerite was struck at 42 m at site 00BR06.  However, site
00BR05 was drilled to 56 m without striking rock.  Based on the locations of rock
exposures around the townsite, site 00BR08 was expected to be on shallow bedrock,
but granitoid bedrock was not found until 22 m below ground level, and appeared to
have fractured zones through it.  Similarly, the bedrock at site 00BR09 was 29 m deep
and appeared gneissic or sheared, while granitoid bedrock was exposed about 250 m
to the east.  Conversely, the shallow bedrock at site 00BR10 (4 m deep) indicated that
if there was a main north-south ridge of shallow bedrock, then a spur protruded
eastwards below that site.
Bedrock was typically granitoid, but one hole (00BR06D) was drilled on a mafic dyke
and the hole for 00BR14D passed through weathered and intact dolerite before
entering granitic saprolite.  The mafic dyke struck at site 00BR06 was thought to strike
north-west to south-east as mafic residual soil was present at the north-east corner of
the high school grounds (Figure 2-1).
Examination of the cuttings from the air-core rig showed that below most of the town,
the regolith profile was dominated by weathered granitoid residuum and alluvial and
colluvial sediments only ranged from 1 to 7 m thick.  The top 1 to 2 m was
predominantly colluvial sand and clay or compacted building site materials.
Site 00BR12, which is east of the grain depot on the drainage flood plain (Figure 2-1),
had a weathered granitoid profile overlain by 20 m of alluvial sediment.
2.4.2 Groundwater data
Groundwater level depths and elevations above Australian Height Datum (AHD) are
listed in Appendix 1 for the five measurement dates between July and December 2000.
Groundwater levels within the built-up area of the town were mostly shallower than at
sites around the edge of the town.  The watertable was between about 12 and 14 m
below ground level to the north of the townsite at sites 00BR14, 00BR15 and
00BR01PB, but a perched watertable (in a sand layer) at site 00BR06 (near the sports
grounds) was only about 3 m below ground level.  The water in the deeper piezometer
at site 00BR06 was only about 6 m deep, while further south, at sites 00BR10 and
00BR11, water levels were only about 4 m deep.
Water levels changed little between July and December 2000, except at site 00BR13,
where it rose from about 9.2 to 6.9 m below ground.  The initial rate of rise was more
rapid than later.  Such a rise could reflect exceptional groundwater recharge, or result
from faulty piezometer construction.  Continued monitoring should clarify the cause.
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Five sites had two piezometers installed at different depths.  At three of these, the
elevations of the groundwater levels in the nested deep and shallow piezometers were
similar.  However, at site 00BR05, the elevation of the water level in the deep
piezometer was between about 1.5 and 2 m higher than that in the shallower one.  As
mentioned above, there appears to be a perched watertable at site 00BR06.
Figure 2-2:  East to west cross-section (northerly location shown in Figure 2-1)
Figure 2-3:  East to west cross-section (southerly location shown in Figure 2-1)
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Figure 2-4:  North to south cross-section (location shown in Figure 2-1)
Figure 2-5:  North-west to south-east cross section (location shown in Figure 2-1)
The cross-sections in Figures 2-2 to 2-5 show that across the town groundwater level
elevations did not strongly follow ground level trends.  The sections also illustrate that
the irregular bedrock surface topography may interrupt hydraulic continuity and inhibit
groundwater flow.
The groundwater EC and pH values are listed in Appendix 1.  The groundwater in most
holes was saline, although at some sites it was brackish to fresh.  The groundwater in
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the perched system monitored by 00BR06S had particularly low EC values.  The EC
values increased over the months in piezometers 00BR05D and 00BR12I; it is possible
that the changes resulted from equilibration following the drilling disturbance.  The three
southern-most monitoring sites (00BR09, 00BR12 and 00BR13) had salinities in excess
of 4,000 mS/m in piezometers between 12 and 31 m deep.  The shallow groundwater in
the alluvium at 00BR12 was about three times as saline as in the deep (40 m)
piezometer.
Water samples from most piezometers had pH values around 6 or 7, but in 00BR12I,
00BR14I and 00BR15I, values were around 5, and in 00BR09I, 00BR12S and
00BR13D, they were around pH 4.
2.4.3 Pumping test drawdowns
Details of the pumping tests are given in Appendix 2.  The semi-log drawdown plot for
the production bore during the constant rate test (Figure 2-6) was close to a straight
line;  there was a slight steepening of the curve after 4 minutes and a slight decrease in
the drawdown rate after about 60 minutes.  Test Pumping Australia's log shows that the
pumping rate remained constant throughout the test.  It is, therefore, likely that the
changes at these times reflected effects of bore storage and changes in aquifer
characteristics as the zone of pumping influence increased.  The test did not achieve
steady-state.
Figure 2-7 shows that drawdowns were negligible in three of the four monitoring
piezometers (in these three piezometers, there appeared to be small water level rises
during the test, assumed to result from barometric pressure fluctuations).  There was no
impact at site 00BR15, which was about 60 m from the production bore.  There was
also no impact in the shallower piezometer at site 00BR14, only about 15 m from the
production bore.  The deeper piezometer at site 00BR14 had fallen about 1.2 m by the
end of the test.  (Note that monitoring records (Appendix 1) show that the levels in the
two piezometers at site 00BR14 are normally similar, at about 272.3 m above AHD, but
that the base of 00BR14I is only about 272 m above AHD (Table 2-2).  Therefore, it is
possible that there was a response to the pumping test in the aquifer at that depth, but
that poor construction of the piezometer prevented it being observed).
There was not enough information to determine the shape of the 'cone of depression'
around the production bore.  The transmissivity values calculated by Test Pumping
Australia (Appendix 2) were much greater for the data from the piezometer 00BR14D
than that from the production bore.  Since the drawdown in the production bore results
from the responses of the aquifer in all parts of the 'cone of depression', the implication
of the markedly different calculated transmissivities is that the aquifer around the
production bore is strongly anisotropic.
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Figure 2-6:  Semi-log plot of the production bore drawdown versus time for constant
rate test
Figure 2-7:  Semi-log plot of the monitoring piezometer drawdowns versus time for
constant rate test at sites about 15 m (00BR14) and 60 m (00BR15) from the
production bore
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2.5 Interpretation and discussion
This section presents an interpretation of the hydrogeology (in terms of recharge,
groundwater flow and discharge processes) affecting Bruce Rock, based on the
available information.  It then discusses the risk of further shallow groundwater
problems and salinity developing and the options for managing it.
2.5.1 Recharge
A simple zoning system for considering the sources of groundwater recharge affecting a
townsite was applied to the towns in the Community Bores Project.  It is described and
then applied to Bruce Rock.
2.5.1.1 The three recharge zones
The following comments assume that the recharge that causes groundwater to rise
below townsites can occur in three 'zones':
1. the townsite itself;
2. the land above and adjacent to the townsite;  and
3. the land downslope of the townsite.
Within the townsite zone, the contribution of water can come from:
• direct recharge from rain infiltrating into the ground where it falls;
• recharge from imported water supplies (e.g.  leakages from pipes and storage
facilities, overwatering, septic systems);
• indirect recharge below ponding areas which collect surface run-off generated
on the slopes above the town and on the hard surfaces within the town;  and
• indirect recharge below flowing surface water (seasonal creek flows, overland
flow and unusual floods).
Recharge occurring on land upslope from and adjacent to the town can affect
groundwater levels below the town if the groundwater systems below the zones are
connected.  In most cases, the source of the recharge will be rain (rather than imported
water supplies) and may be direct or indirect.
The groundwater system below land downslope of the town can affect the
groundwater levels below the townsite in two ways.  High groundwater levels downslope
may:
• cause the downslope groundwater system to 'encroach' under the town;  and
• inhibit the outflow of groundwater from below the town.
Again, the degree of connection between the groundwater bodies below the two zones
will influence the magnitude of the effect of the downslope zone on townsite
groundwater levels.  Groundwater levels in the downslope zone may be influenced by
rain falling on the zone and surface water and groundwater flowing in from other areas.
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The relative importance of these three zones differs from town to town but cannot be
quantified with only the available data.  Also, the importance of the different recharge
processes will vary from year to year and from season to season.  However, one
generalisation can be made.  If a townsite (or part of a townsite) zone clearly has
negligible groundwater input from other zones, but still has problems caused by high
groundwater levels, then it can be concluded that the water causing the problems is
recharged solely within the townsite (or that part of the townsite).  This is the case in
several of the towns in the Community Bores Project.  The next implication that can be
drawn is that townsite recharge is also likely to be an important cause of groundwater
rises in other towns, even if groundwater systems from other zones also contribute.
2.5.1.2 Bruce Rock recharge zones
Slopes above the townsite (to the north) are under agriculture and therefore recharge
below them is likely to be high.  However, the area likely to generate groundwater flow
directly towards the town is relatively small.  There is evidence of a mafic dyke cutting
across the northern section of the town.  Mafic dykes commonly create barriers to
groundwater flow.  The implications are that any groundwater flow towards the town
would be prevented from adding to groundwater bodies to the south of the dyke.
The town is sited on a spur between two drainage lines (Figure 1-2).  Therefore, the
downslope zone covers land to the east, south and west of the townsite.  The zone is
under agriculture, and so recharge rates are assumed to be high.  However,
groundwater is unlikely to flow from the zone towards the town as the groundwater
elevations at sites in the zone (00BR04 and 00BR12) and around the eastern, southern
and western edges of the town (00BR09, 00BR11, 00BR13) are several metres lower
than those below the town (see Figures 2-2 to 2-5).  For the same reason, the
downslope groundwater elevations are not so high that they would inhibit outflow of
groundwater from below the townsite.  It is clear from field observations, the irregular
bedrock topography, and the lithologies identified during the drilling program, that the
bedrock contains zones of relative weakness and zones of relative resistance to
weathering.  The variations in groundwater level elevations suggest that these features
affect the continuity of groundwater bodies and groundwater flow below the town.
There is not enough information to determine the degree of hydraulic connection
between groundwater bodies below the town and below the downslope zone, but it is
likely that groundwater flow from below the town to the downslope zone is inhibited in
some areas around the town.
Because the upslope and downslope zones around the town appear to contribute small
quantities or no groundwater to the systems below the townsite, it is inferred that much
recharge to the groundwater bodies below the town occurs within the townsite zone.
Possible sources of recharge within the townsite zone are rainfall, supplies brought in
for residents, and surface water flowing in as run-off and streamflow from up-slope
areas.  It is not clear from available groundwater records where most recharge in the
townsite occurs (e.g. from septic systems, leaking pipes, drains or culverts; below
overwatered gardens, 'bare ground', grassed areas or vacant blocks; or below land
where water ponds) at what time of year (e.g. after winter rains, summer rains, or
summer watering).  Long-term frequent and regular monitoring of groundwater levels in
different parts of the townsite can show where the important recharge areas are and
BRUCE ROCK GROUNDWATER STUDY
29
when they are active.  This will help to establish whether the rain is a more important
factor than imported water supplies within the townsite.  Therefore, the network is a
valuable asset.
2.5.2 Groundwater flow systems and risk of salinity
As described in the previous section, the irregular bedrock topography and presence of
geological structures such as mafic dykes and fracture zones in the bedrock, together
with the poor relationships between landscape positions and groundwater level depths,
suggest that groundwater bodies below the town are compartmentalised.  The degree
of interconnection between compartments is likely to vary from location to location.  The
implications are that, at some sites groundwater rises following recharge will be only
temporary, as the water will be able to flow away, while at other sites any groundwater
recharge could result in permanent rises because of restricted groundwater outflow.
Sites with these characteristics are at risk from damage by shallow groundwater levels.
(Note that shallow groundwater does not have to be saline to cause damage.)  There is
insufficient information to assess the conditions at the piezometer sites.  This is an
additional reason for long-term frequent and regular monitoring of groundwater levels.
2.6 Management options
There are two main approaches to dealing with high groundwater levels and discharge:
treat the cause by reducing groundwater recharge;  treat the problem by abstracting
groundwater.
2.6.1 Recharge reduction
It seems likely that groundwater levels below Bruce Rock are influenced mainly by
recharge occurring within the town, and to a limited degree, by recharge occurring
below the agricultural land to the north.  There are more opportunities for reducing
recharge within a townsite than below the surrounding agricultural land.
Recharge in the townsite could come from rain falling on the area, surface water
running onto the town from the slopes above, and from the water piped into the town.
Within the town, recharge can be assumed to occur below any ground that is not
covered with an impermeable surface or with healthy and vigorous, unwatered,
perennial vegetation.  It is likely to be greatest below any leaking drains, dams or pools;
below watered sports grounds, gardens and parks;  below areas affected by floods or
which collect run-off from impermeable areas;  below leaking water pipes;  and below
areas of bare ground or ground which grows only annual plants.  The soil types in some
areas may make them more susceptible to recharge than other areas (e.g. sandy soils
compared to clayey soils; well-structured clay soils compared to massive clay soils).
Some townsite recharge reduction options have beneficial side-effects (e.g. reduced
water supply costs and dependence, less waste of good quality rain water, less
infrastructure damage from surface run-on).  It would be wise to make such beneficial
changes soon rather than wait for long-term groundwater information.  Some measures
to consider are:
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• checking for and mending leaks from water pipes, drains, dams, ponds and
pools;
• monitoring the amount of water required by gardens, parks and sports grounds
and avoiding overwatering;
• growing perennials on any bare land, or land with only annual plants;
• replacing septic systems with a sewered disposal scheme;
• encouraging residents to replace some of their imported water supplies with
water harvested from their own hard surfaces (rooves, drives);
• preventing surface water from ponding in areas where it may become recharge.
The Water Corporation has an interest in reducing wastage of the water it supplies, and
could be approached for assistance with some steps.
Groundwater level monitoring should continue after any changes are made so that the
impacts can be assessed.
2.6.2 Groundwater abstraction
Groundwater abstraction by either pumping from bores or groundwater drainage are
unlikely to be effective options in Bruce Rock because the presence of shallow rock and
compartmentalised nature of the groundwater systems would restrict the zones of
impact to small areas.
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3. Groundwater flow modelling
Authors:  Anthony Barr and Daniel Pollock (CSIRO)
Section 2 discussed a combination of management approaches that could be effective
in Bruce Rock.  This section describes a computer groundwater modelling study that
aimed to assess the impacts of possible strategies.
Note that the modelling was based on limited data and a large number of
assumptions and the results should be used with great caution (see warnings in
Section 3.4).
First, a suitable conceptual model was constructed based on information gained from
the drilling investigation and the pumping test, together with topographic and climatic
data.  This conceptualisation was adapted to the groundwater simulation program
MODFLOW (McDonald and Harbaugh 1988) coupled with the pre- and post-processor
Visual MODFLOW Version 2.8 (Waterloo Hydrogeologic 2000) and was then calibrated
in steady-state against observed groundwater levels.  The model was then used to
simulate the effects of four different strategies:  'do nothing differently', groundwater
abstraction by pumping, groundwater abstraction by drainage and tree planting.
Sections 3.1 and 3.2 describe the construction of the conceptual and computer models
and the calibration of the computer model.  The strategy simulations and their results
are presented in Section 3.3 and discussed in Section 3.4.
3.1 Model construction and conceptualisation
Conceptually, the groundwater model consisted of three layers:  sandy clay at the
surface ('Layer 1'), over saprolitic clay ('Layer 2', equivalent to the residual clay and
saprolite layers in Figures 2-2 to 2-5), and a fractured granite layer at the bottom ('Layer
3').  The three layers were considered as separate aquifers for the purposes of
modelling.
There seemed to be a groundwater mound within the town.  This was shown in the
shallow bores at 00BR06 and 00BR10, as the piezometric heads measured at these
locations were the highest in the town.  The shallow bore at 00BR06 was distinct in that
it contained very low salinity.  This could be due to leakage from the town water supply
or to leakage from septic systems, and could be contributing to the production of the
groundwater mound.  Installation and monitoring of shallow bores in the town and
surrounds would indicate the extent of the mound.
The regional groundwater flow direction through Bruce Rock is thought to be from north
to south.  This is roughly parallel to the drainage lines east and west of the town.  Thus,
inflow to the model domain, illustrated in Figure 3-1, was from the northern boundary of
the region and discharge was through the southern boundary.  The model domain
covered 1.94 km from east to west (between 607740 mE and 609680 mE, Australian
Geodetic Datum 1984) and 1.96 km from north to south (between 6471480 mN and
6473440 mN.  This incorporated most monitoring sites in the town.  Each cell in the
domain was 20 m by 20 m, resulting in 97 columns and 98 rows.  The total number of
cells was therefore 9,506.
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Figure 3-1:  Modelled region with boundary conditions (dark line across the bottom
represents the constant head boundaries;  slightly lighter line across the top
represents the general head boundaries), bore locations and grid (boundary
scales are in metres, top of map is north)
The top of the uppermost layer was taken as the land surface, which was extracted
from 2 m-contour digital elevation models (DEMs) for the catchment (map sheets
25343NE and 25343SE (produced by the Spatial Resource Information Group,
Agriculture Western Australia).  This information, together with the depths to the base
of each layer and to bedrock, was taken from borehole logs and interpolated using
inverse distance weighting to a 25 m by 25 m grid covering the model domain.  These
depths were subtracted from the surface levels to create the upper and lower
boundaries for the various layers.  This data was imported into Visual MODFLOW and
interpolated onto the model grid.
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3.2 Steady-state model calibration
The existence of a groundwater mound under the town and regional indications of a
rising watertable imply that the groundwater is in a state of flux.  However, the absence
of long-term water level records within the town meant that some assumptions had to
be made about the system.  It was assumed in this groundwater modelling that the
heads measured on 13 September 2000 were indicative of the steady-state
groundwater system under the current climatic and land-use conditions.
The two quantities considered for calibrating the system are the hydraulic conductivity
of the layers, in both the horizontal and vertical directions, and the net annual recharge
to the groundwater of the system.  Indicative values of these quantities can be
estimated from the pumping test results for the hydraulic conductivity and from the
average annual increase in the watertable for the recharge.  The pumping test
calculated the transmissivity of the system to be about 2 m2/day, and the general rate of
rise of the watertable in the region is 0.25 m/year (McConnell 1998).
The effect of calibrating against the heads of a non-equilibrium system are, where the
elevation of the watertable is increasing, that the parameterisation of the system will be
a trade-off between underestimating the recharge and overestimating the hydraulic
conductivity.  Thus, the response times of the aquifer in this modelling will be quicker
than the response time of the aquifer.  However, without longer datasets or starting the
modelling from when the system was last in a steady state, prior to clearing, for the
whole catchment, this method will at least provide an indication of the processes that
are occurring within the town.
The inflow boundary in the northern part of the town was simulated with a general head
boundary, with the head specified at 275 m above AHD, and conductances of 0.04,
0.01 and 0.4 m2/day for the top, intermediate and bottom layers, respectively.  These
conductances were calculated from the hydraulic gradient and the average cross-
sectional area of the cells in each layer.  At the southern boundary, a constant head of
261 m above AHD was applied.  These boundary conditions were applied in all layers,
except for the constant head boundary in the upper layer, where the head was below
the bottom of the layer.  Instead, at the southern boundary in the upper layer, a general
head boundary was used, with an external head of 261 m above AHD and a
conductance of 0.04 m2/day.  To avoid problems with cell deactivation, cell rewetting
was allowed for the steady-state solution.  The east and west boundaries were treated
as no-flow boundaries.
Recharge over the modelled region was based on about 5 per cent of the annual
average rainfall in the town, of 337 mm/year (Bureau of Meteorology 2000, pers.
comm.).  However, part of the town, the rectangle from 608020 mE, 6472040 mN to
608960 mE, 6473220 mN, was assigned annual recharge at a rate of 40 mm/year
(approximately 12 per cent of rainfall) to include leakage from septic tanks.  The extent
of the increased recharge area within the town is unknown and is an additional source
of uncertainty in the model.
An additional process of evaporation from the watertable was also included in the
model.  This evaporation occurs at the given rate of 365 mm/year (1 mm/day) if the
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watertable is at the land surface.  It drops linearly to zero at the extinction depth.  Within
the MODFLOW model, this process is misleadingly known as evapotranspiration.
Calibration of the steady-state model was accepted with a standard error of the
estimate of 0.52 m for groundwater levels measured on 13 September 2000.  Most of
the differences were in the saprolite layer, where the calibrated heads exceeded the
measured heads.  This difference is due to the lower conductivity saprolite layer having
a longer response time to the changing catchment conditions.  The parameters used to
calibrate the model are listed in Table 3-1.  The hydraulic conductivity for all layers was
taken as spatially uniform over the layer.  The resulting elevations of the watertable are
shown in Figure 3-2 and along a north-to-south cross-section in Figure 3-3.  Travel
times below the townsite start at 120 years in the lower aquifer.
The model was sensitive to the selection of hydraulic conductivity and recharge.
However, as mentioned above, calibration of this system is a trade-off between higher
hydraulic conductivities and lower recharge rates.  Therefore, although this is
considered to be a good estimate of the parameters of the system, it is not a unique
fitting of the data, and other parameterisations with increased recharge and hydraulic
conductivities, or decreased recharge and hydraulic conductivities will also fit the
measured levels.
Table 3-1:  Parameters used for the Bruce Rock model
Layer
Parameter 1 2 3
Horizontal hydraulic conductivity (m/day) 0.2 0.01 2.0
Vertical hydraulic conductivity (m/day) 0.02 0.001 0.2
Storativity (m-1) 0.001 0.001 0.001
Effective porosity 0.1 0.1 0.1
General recharge (mm/year) 16.8
Town recharge (mm/year) 40.0
Groundwater evaporation (mm/year) 365
Groundwater evaporation extinction depth(m) 1.0
3.3 Dynamic simulations of strategies
The dynamic simulations extended over 30-year periods.  The external head in the
upper part of the region (the northern boundary) was increased at a rate of 0.25 m/year
in yearly increments.  The constant head conditions at the southern boundary were
increased at the same rate.  To enable these and other cells to become part of the
simulation, the cell rewetting option was activated, using the options for wetting from
both below and the sides with a rewetting factor of 1.0.
In using the calibrated steady-state model to predict the effects of management
strategies after 30 years, the values of specific yield and confined storage coefficients
in Table 3-1 were applied.
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The different modelled strategies were meant to be indicative only.  They gave an
indication of what might be expected from such approaches prior to conducting more
extensive tests.
Figure 3-2:  Depth to groundwater (contour intervals are 1 m) for steady-state
simulation
Figure 3-3:  North-to-south cross-section along 608710 mE for all simulations
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3.3.1 'Do nothing differently' strategy
The dynamic simulation with heads at the north and south boundaries rising
0.25 m/year was taken as the 'do nothing differently' strategy.  The resulting watertable
depth after 30 years is illustrated in Figure 3-4 and the elevation along a cross-section
is shown in Figure 3-3.  The model predicted that under current management practices
an area to the north-east of the town would have a watertable of 2.0 m or less from the
ground surface after 30 years.
Figure 3-4:  Depth to groundwater after 30 years (in metres, contour intervals are 1 m)
for 'do nothing differently' simulation
3.3.2 Groundwater pumping strategy
Groundwater abstraction through a field of three bores was tested in the model as a
potential management option.  The abstraction bores were placed close to a surface
depression along the side of a road as shown in Figure 3-5.  Given that the sustainable
yield from the pumping test (Section Appendix 2) was established as 0.4 L/s or
35 m3/day, each well in the model was assigned a discharge rate of 10 m3/day.  The
modelled drawdown after 30 years is mapped in Figure 3-6 and shown in a cross-
section in Figure 3-3.  The modelling indicated that pumping would have little effect on
groundwater levels.
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Figure 3-5:  Modelled region with management options (circular objects along the
northern side of the road in the upper right represent the locations of the
simulated pumped bores;  the light grey line represents the simulated drain;  the
dark area represents tree planting;  boundary scales are in metres;  top of map is
north)
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Figure 3-6:  Depth to groundwater after 30 years (contour intervals are 1 m) for
pumping simulation
3.3.3 Groundwater drainage strategy
Groundwater abstraction through drain construction was also tested as a potential
management option.  The drains were placed close to the surface depression along the
side of a road at a depth of approximately 2 m.  The drains were parameterised with a
conductance of 4.0 m2/day based on the hydraulic conductivity of the surface layer and
a width of 1.0 m.  Two drains were simulated, one from the east and one from the west,
and both terminated close to the surface depression as shown in Figure 3-5.  The
modelled drawdown after 30 years is mapped in Figure 3-7 and the elevation along a
cross-section is shown in Figure 3-3.  The option had little effect on the watertable as
the general depth to groundwater exceeded the depth of the drains.
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Figure 3-7:  Depth to groundwater after 30 years (in metres, contour intervals are 1 m)
for drainage simulation
3.3.4 Tree planting strategy
Reduction of recharge through tree planting was also tested in the model as a potential
management option.  It was assumed that the trees did not draw on the groundwater
but reduced the recharge to zero.  The scenario tested used trees planted to the north
and north-east of the surface depression as shown in Figure 3-5.  The modelled
drawdown after 30 years is mapped in Figure 3-8 and the elevation along a cross-
section is shown in Figure 3-3.  This option had an effect on areas where the trees were
planted, but very little effect elsewhere.
3.4 Discussion of groundwater modelling
The groundwater modelling in Bruce Rock was undertaken using limited data.
Therefore, the results are indicative only and may not represent what is happening in
the town.
Models should be calibrated for several dates to cover the range of groundwater levels
that occur.  Because of limited groundwater level data, the model was only calibrated in
steady-state against the heads measured in September 2000.  The assumption of a
steady-state groundwater system is inappropriate, but represents the best method for
applying a groundwater model to the town.
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Figure 3-8:  Depth to groundwater after 30 years (contour intervals are 1 m) for tree
planting simulation
Models should also be validated using independent data sets.  Since no independent
data were available, the model was not validated.
The model results are sensitive to both the recharge rate and values of hydraulic
conductivity used, but these values were only estimated from limited information or
assumed.
Assumptions were made about groundwater levels along the boundaries of the
modelled area, although it is not known whether they are stable or rising over the long-
term, nor how the rates of change vary along the boundaries.  If the rate of watertable
rise is quicker or slower than the rate assumed, then the effects will be correspondingly
sooner or later.
The chosen model boundaries and geometry did not take the possible roles played by
geological structures (such as dykes and faults) into account. The model results are
very dependent on the DEM data (which represents the land surface elevation).  It is
possible that there are inaccuracies in the DEM dataset.
The two rates of recharge were applied evenly across their relevant model areas, but in
reality, recharge would vary spatially within those areas.  Recharge below unvegetated
areas and areas of annual plants (weeds, grasses, etc.) is likely to be greater than
below areas covered by buildings or impervious surfaces, or under perennial
vegetation.
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4. Flood risk analysis
Authors:  Travis Cattlin and Ali Mahtab (Agriculture Western Australia)
4.1 Objective of this study and approach
The objective of this part of the Community Bores Project was to determine the flood
risk (high, moderate or low) for the town to assess how frequently substantial volumes
of flood water provided a potential source of groundwater recharge.  This was done by
calculating the peak flood flow generated by all of the catchment for the town and the
run-off generated within the townsite, and comparing these with the flow accumulation
characteristics of the catchment.
The Urban Drainage Design (UDD) model was used to calculate peak flows for the
catchment for the town because it accounts for the spatial variation in flow rates across
catchments, whereas some other methods (e.g. Rational and Time-Area approaches)
assume flow is uniform across catchments.  The UDD model also allows precipitation
rate, catchment slope, surface roughness, interception, depression storage, infiltration
and evaporation to be considered.  The procedures used are discussed in detail in
Ali et al. (2001).
The peak flood flows were calculated for 2-, 5-, 10-, 20-, 50- and 100-year average
recurrence intervals (ARIs) based on historical events.  The run-off volumes generated
by pervious and impervious (i.e. high run-off generating) surfaces within the townsites
were calculated for 20-, 50-, and 100-year ARIs.
4.2 Input data
The information required to run the UDD model and calculate the run-off volumes was
derived from available sources and from a site visit.
4.2.1 Available information
The following information was collated for the Bruce Rock catchment:
• rainfall intensities (estimated from Institution of Engineers 1987);
• 2-metre elevation contours derived from a digital elevation model (DEM)
produced by the Department of Land Administration.
4.2.2 On-site observations
4.2.2.1 Structures influencing surface water flow
The grain depot (Figure 1-2) is on a slope that falls eastwards, away from the town, and
was assumed to have minimal effect on water flow within the town.  The depot has
been affected by floods in the past but inundation and waterlogging are its main
problems.  There are no other significant structures influencing surface water flow
within the town or the main drainage system because the drainage lines do not enter
the main townsite.  The majority of flows generated by the catchment above the
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townsite bypass the town through the eastern drainage system.  Water shed from the
urban areas of the town contribute to waterlogging.
4.2.2.2 Waterways
Bruce Rock has no significant drainage lines entering the main body of the town
although there are two natural watercourses that drain the catchments to the west and
east (Figure 1-2).  Their influence on the townsite was considered to be minimal except
that the eastern drainage line appears to promote inundation and waterlogging around
the grain depot during heavy rainfall.  However, the eastern creek system is eroded and
silted, probably because its constricted width promotes high flow velocities.
4.2.3 Derived information used in the calculations
A grid of the study area was derived from the DEM and was used to predict flow
directions and accumulations, streamlines, watershed boundaries, and stream slope
and length.  Details of the procedures used to create the grid are in Ali et al. (2001).
Observations made during the site visit and interpretations of aerial photographs and
the elevation contours were used to derive the following:
• area of catchment (pervious and impervious);
• area generating high run-off;
• area generating high recharge;
• infiltration (maximum and minimum likely rates);
• roughness coefficient (Manning’s n).
A report by Ali et al. (2001) contains descriptions of how the information was used in
the UDD model and how run-off volumes for the town catchment were estimated.
Run-off volumes were calculated separately for the 'pervious' parts of the town and for
the 'impervious' (i.e. high run-off generating) areas using run-off coefficients of 0.1 for
the former and 0.9 for the latter.  The 'impervious' areas were estimated to be
approximately 30 per cent of the town area, or 203,970 m2.
4.2.4 Model calibration
To ensure that the best results are obtained using UDD modelling, the model should be
calibrated using actual flow data.  However, as there is no gauging station in the Bruce
Rock town catchment, parameters used for a calibrated model derived for the Moora
townsite (Ali et al. 2001) were substituted.
4.3 Results
Results of peak flow and run-off calculations are summarised in Tables 4-1 and 4-2.
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Table 4-1.  Peak flood flow for the catchment for the town of Bruce Rock
ARI
(years)
Peak flood
flow (m3/s)
2 1.4
5 4.2
10 6.3
20 9.2
50 14.5
100 26.2
Table 4-2.  Run-off volumes for pervious and impervious areas of the townsite generated
by rainfalls of various ARIs, durations and intensities
Run-off volumeAverage
recurrence
interval
Rainfall
duration
Rainfall
intensity Rainfall Pervious
area
Impervious
area
(years) (h) (mm/h) (mm) (m3) (m3)
20 1 29 29.00 268,310 5,320
6 8.6 51.6 477,400 9,470
24 3.3 79.2 732,760 14,540
50 1 37 37 342,320 6,790
6 11 66 610,630 12,120
24 4.2 101.8 941,480 18,680
100 1 44 44 407,090 8,080
6 14 84 777,170 15,420
24 5.1 121.4 1,123,560 22,290
4.4 Flood risk assessment
The criteria to classify a town's relative flood risk level were based on the calculated
rates of flow and the accumulation potential of the townsite and the catchment above
the town.  The accumulation potential depends on the relative magnitudes of the
potential inflows and outflows.  The peak flood flows for the catchment for 20-, 50- and
100-year ARIs for storms of 24 hours duration were compared to the catchment area,
the accumulation potential of the catchment and the flow generated within the townsite.
Table 4-3 shows the flood risk to the town of Bruce Rock for 20-, 50- and 100-year ARI
storm events of 24 hours duration.
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Table 4-3.  Flood risk to the Bruce Rock townsite for 20-, 50- and 100-year ARI storm
events of 24 hours duration
ARI (years) Peak flood flow
for entire
catchment (m3/s)
Volume of flood
generated by
townsite (m3)
Accumulation
risk
Flood
risk
Overall
flood risk
20 9.2 747,300 Low Low
50 14.5 960,160 Low Low
100 26.2 1,145,860 Med Med
Low
The flow accumulation modelling and the UDD model results revealed that Bruce Rock
is at low risk of flooding.
4.5 Warning
The peak flood flow and run-off values estimated in this report should not be used as
inputs for the design of any engineering structures such as drains, culverts or diversion
banks as the input parameters used for this study would not be suitable for such uses.
It is recommended that for any specific use the peak flood flow should be estimated
again for the conditions existing in the catchment at that time.  Detailed descriptions of
the input parameters for this study and their limitations are in Ali et al. (2001).
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5. Conclusions and recommendations
Groundwater systems below the townsite of Bruce Rock appear to be
compartmentalised.  At some sites, groundwater rises following recharge will be only
temporary, as the water will be able to flow away.  However, at sites with restricted
groundwater outflow, any groundwater recharge could result in permanent rises.  Sites
with these latter characteristics are at risk from damage by shallow groundwater.  There
is not yet enough information available to identify which sites have such characteristics.
Recharge occurring within the townsite is likely to be the main source of the
groundwater below the town.  There are opportunities to reduce the amount of recharge
occurring within the townsite, and some of these would have additional benefits.
However, because there is shallow rock below the town, and the groundwater systems
appear to be compartmentalised, it is likely that groundwater abstraction by either
pumping from bores or groundwater drainage would be ineffective.
5.1 Recommendations
1. Reduce townsite recharge.  Consider taking the steps listed in Section 2.6.1.
2. Measure groundwater levels in the monitoring network monthly and analyse
and review them annually.  Continue to do so for at least 10 years to
determine whether groundwater problems are worsening, and where and
when most recharge occurs.
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Appendix 1.  Groundwater level and sample measurements
Table A1-1:  Groundwater level depths below ground level (bgl) for the Community Bores
Project piezometers and production bore for five measured occasions
between July and December 2000
Bore name Groundwater level depth bgl (m)
19/7/00 15/8/00 13/9/00 9/10/00 4/12/00
00BR04I 8.13 8.00 8.16 8.18 8.16
00BR05D 4.64 4.80 4.79 4.82 4.82
00BR05I 6.40 6.37 6.50 6.57 6.48
00BR06D 5.62 5.69 5.70 5.76 5.73
00BR06S 2.89 2.79 2.92 2.98 2.97
00BR07D DRY DRY DRY DRY DRY
00BR08D 8.97 8.73 8.86 8.90 8.91
00BR09D 9.67 9.61 9.74 9.75 9.70
00BR09I 9.69 9.70 9.66 9.68 9.64
00BR10D 3.67 3.62 3.66 3.70 3.72
00BR11D 4.16 4.09 4.22 4.28 4.27
00BR12I 6.17 6.19 6.20 6.24 6.21
00BR12S 6.31 6.19 6.29 6.31 6.27
00BR13D 9.22 8.09 7.37 7.19 6.89
00BR14D 13.85 13.70 13.82 13.83 13.73
00BR14I 13.71 13.67 13.78 13.70 13.62
00BR15D 12.10 12.15 12.14 12.08 12.03
00BR15I 12.06 11.93 12.02 12.02 11.95
00BR01PB 13.49 13.30 13.24 13.42 13.44
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Table A1-2:  Groundwater level elevations above Australian Height Datum (AHD) for
Community Bores Project piezometers and production bore for five measured
occasions between July and December 2000
Bore name Groundwater level elevation above AHD (m)
19/7/00 15/8/00 13/9/00 9/10/00 4/12/00
00BR04I 269.1 269.2 269.0 269.0 269.0
00BR05D 273.5 273.3 273.3 273.3 273.3
00BR05I 271.7 271.7 271.6 271.5 271.6
00BR06D 274.2 274.1 274.1 274.1 274.1
00BR06S 277.0 277.1 276.9 276.9 276.9
00BR07D DRY DRY DRY DRY DRY
00BR08D 272.7 273.0 272.9 272.8 272.8
00BR09D 267.6 267.6 267.5 267.5 267.5
00BR09I 267.5 267.5 267.6 267.6 267.6
00BR10D 276.2 276.3 276.2 276.2 276.2
00BR11D 269.7 269.8 269.7 269.6 269.6
00BR12I 265.3 265.3 265.3 265.2 265.3
00BR12S 265.1 265.2 265.1 265.1 265.1
00BR13D 262.6 263.8 264.5 264.7 265.0
00BR14D 272.2 272.4 272.2 272.2 272.3
00BR14I 272.3 272.4 272.3 272.3 272.4
00BR15D 272.8 272.8 272.8 272.9 272.9
00BR15I 272.8 273.0 272.9 272.9 272.9
00BR01PB 272.5 272.7 272.8 272.6 272.6
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Table A1-3:  Groundwater sample electrical conductivity values for the Community Bores
Project piezometers and production bore for five measured occasions
between July and December 2000
Bore name Groundwater electrical conductivity (mS/m)
19/7/00 15/8/00 13/9/00 9/10/00 4/12/00
00BR04I 1380 1390 1380 1400 1440
00BR05D 670 680 870 900 1290
00BR05I 1660 1680 1670 1670 1710
00BR06D 1340 1330 1330 1330 1350
00BR06S 220 250 310 270 250
00BR07D DRY DRY DRY DRY DRY
00BR08D 2520 2600 2610 2510 3120
00BR09D 4250 4320 4290 4190 4760
00BR09I 4030 4100 4020 3970 4440
00BR10D 2730 2740 2720 2700 2840
00BR11D 2010 2010 2000 1990 2230
00BR12I 1490 1440 1500 2060 2720
00BR12S 4760 4690 4590 4880 5170
00BR13D 5160 5230 5140 5040 5790
00BR14D 2390 2430 2420 2410 2630
00BR14I 4720 4760 4680 4590 5280
00BR15D 1960 1970 1960 1960 2110
00BR15I 2120 2140 2130 2120 2200
00BR01PB 2320 2160 2200 2090 2110
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Table A1-4:  Groundwater sample acidity (pH) values for the Community Bores Project
piezometers and production bore for four measured occasions between
July and October 2000
pH values
Bore name
19/7/00 15/8/00 13/9/00 9/10/00
00BR04I 7.0 7.0 6.8 6.9
00BR05D 6.7 6.7 6.6 6.7
00BR05I 6.2 6.2 6.1 6.3
00BR06D 7.3 7.1 6.9 6.8
00BR06S 6.9 7.0 6.9 7.0
00BR07D DRY DRY DRY DRY
00BR08D 6.2 6.2 6.2 6.1
00BR09D 5.8 5.6 5.7 5.8
00BR09I 4.1 4.0 3.8 3.7
00BR10D 7.1 7.0 6.9 6.9
00BR11D 6.1 6.2 6.4 6.5
00BR12I 5.0 5.3 5.5 4.5
00BR12S 3.6 3.9 4.0 3.5
00BR13D 4.4 4.2 4.1 3.9
00BR14D 6.0 6.2 6.1 6.0
00BR14I 5.1 4.9 4.7 4.6
00BR15D 6.0 5.9 5.9 5.9
00BR15I 5.0 4.6 4.5 4.2
00BR01PB 3.1 6.1 5.5 5.6
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Appendix 2.  Pumping test
Author:  Ron Colman (Test Pumping Australia)
As part of the hydrological investigation of Bruce Rock, a pumping test was carried out
in the production bore (00BR01PB).  It aimed to establish aquifer parameters for use in
the groundwater modelling study (Section 3).
A2.1 Method
Test Pumping Australia was contracted to carry out and analyse the pumping test.
There were two parts to the test, which were performed on 21 to 23 August 2000.  The
first part was a multi-rate test (that is, a series of step increases in the pump rate, with
the discharge being maintained at a constant value within each step).  The results of
this part of the test were assessed before setting the pump rate for the second part,
which was a constant rate test.
The static water level in the bore prior to the multi-rate test was 14.06 m below the
reference point (which was 0.5 m above ground level).  The test was conducted on
21 August 2000 with four 30-minute steps at discharge rates of 0.1, 0.2, 0.4 and
0.6 L/s.
The constant rate test started on 22 August 2000 and lasted 1,440 minutes (1 day) at a
pumping rate of 0.4 L/s.  The drawdowns in the production bore and in two deep and
two shallow piezometers (at sites 00BR14 and 00BR15) were measured at intervals
throughout.  The rate of recovery of the water level in the bore was measured at the
completion of the test.
During the tests, the flow rate was monitored using an orifice weir assembly and water
levels were measured using an electric water level probe. Table A2-1 summarises
relevant details.
Table A2-1:  Details of the pumping test
Pump inlet depth below ground level 38 m
Available drawdown in production bore 24 m
Pump Electric submersible
Computerised calculations of aquifer parameters were made.
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A2.2 Results
A2.2.1 Multi-rate test
The total drawdown in the production bore at the end of the multi-rate test was 10.9 m.
The multi-rate test data are presented in Figure A2-1 as a plot of drawdown versus time
for each of the four steps.
Figure A2-1:  Drawdown versus time for multi-rate test
A2.2.2 Constant rate test
Total drawdown in the production bore at the end of the constant rate test was 11.41 m.
The drawdown data for the production bore and for the monitored piezometers are
presented as plots of drawdown versus time in Section 2.4.3 and details are listed in
Table A2-2.
A2.2.3 Aquifer parameters
A summary of the calculated aquifer transmissivities is presented in Table A2-2 and of
other parameters and measurements made during the test in Table A2-3.
Warning:  The drawdown data were only analysed using computerised methods
designed for homogeneous, isotropic confined and unconfined aquifers of large
areal extent.  Since the production bore intercepted several aquifer zones and the
piezometers monitored only restricted intervals, the results should only be
considered as indicative.
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Table A2-2:  Production bore, monitoring site details and transmissivity values (AHD:
Australian Height Datum;  ND: negligible or no drawdown)
Transmissivity (m2/day)
Bore name
Intake
interval
above AHD
(to nearest
m)
Lateral
distance
from pump
(m)
Final
drawdown
(m)
Cooper and
Jacob (time-
drawdown)
Theis (curve
fitting)
Theis & Jacob
recovery
00BR01PB 242-274 0.1 11.41 2 2 3
00BR14D 242-244 13.6 1.23 12 10 no data
00BR14I 272-274 15.9 0.03 ND ND ND
00BR15D 246-248 59.8 -0.01 ND ND ND
00BR15I 272-274 59.8 -0.04 ND ND ND
Table A2-3:  Summary of measurements and calculated parameters
Parameter or measurement Results
Aquifer thickness (m) 30
Well loss Low – 7.2%
Electrical conductivity (mS/m) 2,850
Acidity (pH) 5.3
Safe yield (L/s) 0.4
Notes:  Test Pumping Australia considered that the constant rate pumping test
indicated that the bore might be capable of maintaining a long-term abstraction rate of
0.4 L/s.  At this rate, they expected that there would be drawdown effects from pumping
up to 75  to 100 m from the production bore.
Test Pumping Australia also noted that the bore produced sand on pumping.
